The changes imposed by dams on hydrological regime, water transparence and nutrient concentrations downstream affect biodiversity in relation to species richness and specific composition of the community. The aim of this work was evaluate this effect on periphyton, comparing richness and composition of periphytic algae in the Garças Lake, Upper Paraná River floodplain, between the years 1994, before construction of the Porto Primavera Reservoir, and after its operation in 2004. This floodplain lake showed an increase in species, from 113 in 1994 to 159 in 2004. A few species, however, were common during the last year, dominated by Zygnemaphyceae and some Bacillariophyceae species. The increase in algal diversity in 2004 may be the result of the ability of the system to adapt to environmental changes. However, the large change in the periphyton species composition suggests further impacts on the food web, demanding continuity of long-term studies in order to determine their consequences on the biodiversity as a whole.
turn to its original state when the stress is removed), and considers an ecosystem "stable" when the probability of species extinction is low.
"Stability" may be defined as the persistence of the system structure (i.e., an ecosystem, community, or organism) over time, the ability of populations to withstand disturbances without marked changes in composition, and the tendency to remain in, or return to, a stable state (Glossário, 1997) . Thus, "stability" may be extended in various ways, for example, as persistence, resistance, 
Introduction
The relationship between diversity of an ecological community and its stability is not clear, and has been the subject of numerous debates and considerable research (Pielou, 1983; Colinvaux, 1986; Odum, 1989; Lampert and Sommer, 1997; Townsend et al., 2006) . Furthermore, the importance of the term stability has led to the use of different meanings. For Pielou (1983) , stability is the tendency of the community composition to remain constant. Colinvaux (1986) relates stability to ecosystem resilience (the ability of the system to, under stress, re-nutrient availability (Sládecková, 1962; Wetzel, 1983; McCormick and Stevenson, 1998) . Therefore, the purpose of the present study is to compare richness and specific composition of periphytic algae in the Garças Lake in the Upper Paraná River floodplain between the years 1994 (before the construction of the Porto Primavera Reservoir) and 2004 (when the reservoir was in operation). The hypothesis of this study is that the changes imposed by the formation of the Porto Primavera Reservoir have affected the diversity of periphytic algae.
Material and Methods

Study area
The Upper Paraná River floodplain is located between Porto Primavera Dam and Itaipu Reservoir, extending about 230 km (Agostinho et al., 2008) . Garças Lake is located in the floodplain in the state of Mato Grosso do Sul (22' 43" S and 53' 14" W) . It is on the right side of the river, with which it is connected by a narrow channel approximately 100 m long (Figure 1) . It is about 150 m wide and 2,000 m long, with a mean depth of 2.5 m. The littoral zone is dominated by multispecies stands of aquatic macrophytes, notably the emergent Echhornia azurea Kunth. No submerged macrophytes were present in the lake during the study conducted in 1994 (personal observation by L. Rodrigues). In 2004, however, several submerged species were observed, such as Ludwigia peruviana (personal observation by S. M. Thomaz). According to Thomaz et al. (2004b) , submerged macrophytes were rarely observed in the first studies conducted in the floodplain, but were more frequently observed after 1995 in lakes connected to the River Paraná, as is the case of Garças Lake. The following submerged macrophytes have been observed in Garças Lake: Egeria najas, Chara guairensis, and Nitella furcata (Thomaz et al., 2007) .
Sampling
Richness and periphytic algae composition in the Garças Lake observed in 1994 (Rodrigues and Bicudo, 2001b ) was compared to that in 2004. Only taxa identified to species level were considered. In the study by Rodrigues and Bicudo (2001b) , several samples were taken during the high water period (16 and 24 March, and 1 Abril) and low water period (20 and 28 July, and 5 August, total of six samples). In 2004, samples were taken in March, June, September and December (total of 4 samples).
Sampling processing and periphyton removal was identical in both studies. Due to its predominance, Eichhornia azurea petioles were used as a natural substrate. Periphyton was removed from the petioles when mature (Schwarzbold, 1990) , using steel blades and distilled water., and conditioned in 150 mL glass flasks, fixed with Transeau solution.
Species identification was based on classic literature (Anagnostidis and Komárek, 1988; Croasdale and and resilience (Odum, 1988; Begon et al., 1996; Colinvaux, 1993; Lampert and Sommer, 1997; Townsend et al., 2006) .
Persistence refers to the period during which a community remains relatively intact, neither losing nor gaining species (Colinvaux, 1993) . Resistance describes the ability to avoid deviation from a stable state (Begon et al., 1996) , retaining the same species despite disturbances (Odum, 1989) . A community may be considered resilient when it rapidly returns to its original or similar state after it has been altered (Odum, 1989; Colinvaux, 1993; Townsend et al., 2006) . Odum (1989) suggests that the type of stability of resilience is favored by the presence of a variety of species within an ecosystem. Lampert and Sommer (1997) also use terms such as "constancy" (absence of alteration in the number of individuals, biomass, number of species, etc.) and "elasticity" (ability to return to a static condition after having deviated from it) as types of stability.
The Upper Paraná River floodplain is characterized by a wide variety of environments (such as open and closed lakes, channels, and rivers, among others), as well as hydrological cycles, with periods of both high and low waters. These cycles vary from year to year, not only in periodicity, but also in duration (Thomaz et al., 2007) . The flood pulses can determine the spatial and temporal variation of biotic and abiotic limnological factors (Junk et al., 1989; Thomaz et al., 2004a; 2007) . Rodrigues and Bicudo (2001a) stated that the hydrological regime constitutes the principal driving force for periphyton structuring in the Upper Paraná River floodplain, being mostly pronounced in lentic systems. Agostinho et al. (2008) emphasize the importance of the natural hydrological regime for the high diversity of floodplains.
The Upper River Paraná floodplain has suffered the influence of dams located on the main channel and in large tributaries. The operation of these dams has altered the water level fluctuation and periodicity of the hydrological regime (Agostinho et al., 2004; Thomaz et al., 2004a; 2007; Souza Filho, 2009) . As a result, flow rate, sediment transportation, and bank erosion in the floodplain have been drastically changed (Souza Filho et al., 2004) .
The artificial control of the water levels has affected the floodplain biota such as aquatic vegetation, phytoplankton, and fish. Previously emergent aquatic macrophytes predominated, whereas in recent years an increase in submerged species has been observed, probably due to the regulation of the water level and the constant supply of propagules from upstream reservoirs (Thomaz et al., 2004b) .
The periphytic community presents characteristics such as sessile habits, short life span, and, compared to other aquatic groups, it is usually richer in species (Lowe and Pan, 1996) . Due to these characteristics and the ability to respond to environmental changes and nutrient availability, periphyton has commonly been utilized in ecological studies to environmental changes and applied to evaluate the similarity of periphytic algae species composition between the years. The concordance between the abiotic data and the specific composition matrices was tested with the Mantel test.
The computer program PC-ORD v4.01 (McCune and Mefford, 1999) was used to perform PCA and CA. Graphics was produced with the program STATISTICA v7.1 (StatSoft, 2005) .
Results
Water levels and precipitation on the Paraná River: 1994 and 2004
In 1994, the high water period (with water levels up to 6 m) as well as low waters, were characteristic of the Upper Paraná River floodplain ( Figure 2) . In that year, mean water level during sampling period was 4.1 m during high water, and 2.9 m during low water. In 2004, water levels reached 4.3 m in April. Mean water levels were 3.0 m in March and June, and 2.8 m in September and December.
In 1994, precipitation was consistent throughout the year, whereas in 2004, most of the precipitation occurred in May and in the period from October to the beginning of November (Figure 2 ). Flint, 1986; 1988; Dillard, 1990; 1991; Föster, 1982; Komárek and Anagnostidis, 1986; Krammer and Lange-Bertalot. 1986; 1988; 1991; Patrick and Reimer, 1966; 1975; Prescott, 1982; Prescott et al., 1981; as well as other specific and regional literature. Round (1965; 1971) classification system was used, complemented by Bicudo and Menezes (2006) .
Abiotic limnological data in 2004 (Appendix 1) were obtained simultaneously with periphytic samples, and supplied by the Nupélia Basic Limnology Laboratory (Nucleus Research in Limnology, Ichthyology, and Aquaculture) at Maringá State University, in the state of Paraná. The data for 1994 were obtained from Rodrigues and Bicudo (2001a) .
Water level and precipitation data for the Paraná River were provided by the National Water Agency (ANA), previously known as the National Department of Water and Electrical Energy (DNAEE).
Data analysis
Principal Component Analysis (PCA) was used to rank the months of 2004 (for the present study, data in Appendix 1), as well as the high and low water periods of 1994 (Rodrigues and Bicudo, 2001a ) based on abiotic variables. A Correspondence Analysis (CA) was gae were registered, belonging to 82 genera and 8 classes (85 Zygnemaphyceae, 52 Bacillariophyceae, 35 Chlorophyceae, 33 Cyanophyceae, 8 Xanthophyceae, 3
Euglenophyceae, 2 Chrysophyceae, and 2 Oedogoniophyceae) ( Table 2) .
Comparing the two years, it was observed an increase from 113 species in 1994 to 159 species in 2004, mainly due to the increase in richness of Zygnemaphyceae species, which nearly doubled (Table 2 ).
An increase in the species number of Cyanophyceae, Chlorophyceae, and Bacillariophyceae classes was also observed (Table 2 ). There was, however, a decrease in
Comparison of abiotic parameters
The Principal Component Analysis (PCA) accounted for 66.2% of total abiotic data variability on the first two axes. First component (35.9%) separated the study periods. The months of 2004 were ordered on the positive side of axis 1 and associated with the higher values of conductivity. On the negative side, the months of 1994 were associated with higher values of ammoniacal nitrogen, phosphorus (orthophosphate and total) and water level (Figure 3 , Table 1 ). On the positive side, of the second component (30.3%) were ordered the period of high waters (1994) and the warmer months of the study period of 2004 being associated with higher temperature (r = 0.7). On the negative side, the observations from the low-water period (1994) and June (2004) were associated with higher values of nitrate, precipitation and dissolved oxygen.
Comparison of the richness and specific composition
Considering the samplings conducted in Garças Lake (1994 and 2004) , 220 species of periphytic al- 
pyriformis).
The Correspondence Analysis explained 53.5% of total variance of periphytic algae species composition in the first two axes (Figure 4 ). Axis 1 (34.9%) separated the years of study (Figure 4a ). Species in Group I (Table 3) were positively correlated with Axis 1 (r = 0.998). These species were exclusive to 1994, and were observed during high and low water periods. Species of Group II were only observed during 2004, and were negatively correlated with axis 1 (r = -0.998). The species in these groups were principally Zygnemaphyceae.
Axis 2 (18.5%) separated, on its positive side, the low water period of 1994 and the months of June and September of 2004, and in its negative side, the high water period and December of 2004 (Figure 4) . Species of Group III and IV were positively correlated with axis 2 (r = 0.592, and r = 0.504, respectively). Species in Group III were observed only in June and September of 2004. Species of Group IV were exclusive to the low water period of 1994. Finally, species in Group V were observed during the high water period of 1994 and December 2004 (Table 3) .
The Mantel test indicated a positive correlation between the specific composition and abiotic data matrices (Mantel r = 0.6827, p = 0.0150).
Discussion
The operation of dams in the Paraná River basin, especially after the construction of the Porto Primavera Dam, has influenced the hydrological cycle on the floodplain, as observed by the sharp difference of water level fluctuation between the years 1994, before the construction, and 2004.
In 2004, the average water level during the days before samplings was below 3.5 m, when the Paraná River has the greatest influence on the plain habitats (Thomas et al., 1997; 2004a) . In fact, Principal Component Analysis showed that abiotic limnological characteristhe species number of Xanthophyceae, and four species were not observed (Characiopsis minor, Characiopsis subulata, Ophiocytium capitatum, and Ophiocytium cohleare).
In 1994 two species of Oedogoniophyceae were observed: Oedogonium reinschi, and Oedogonium warminginianum. However, in 2004, the observation of only vegetative materials, did not allow species identification, and hence this genus was not included in this period. In 1994, the class with the greatest number of species was Bacillariophyceae (37 species), followed by Zygnemaphyceae (33). In 2004, this order was inverted, with a larger number of species of Zygnemaphyceae (65) than Bacillariophyceae (38) ( Table 2) .
The number of species in common to both years was low, with a total of 52 species (23.6% of the total). Furthermore, the majority of the species observed were only found in a particular year: 54.4% in 1994, and 67.3% in 2004 (Table 2) .
The class with the largest number of species in common (44%) between both years was Bacillariophyceae (Table 2) , with the following species: Achnanthidium minutissimum, Aulacoseira granulata, Cyclotella meneghiniana, Cymbella gracilis, Encyonema mesianum, E. minutum, E. silesiacum, Eunotia flexuosa, E. minor, E. pectinalis, E. sudetica, Fragilaria capucina, Frustulia rhomboides, Gomphonema affine, G. augur, G. gracile, G. parvulum, G. subtile, Navicula cryptocephala, Nitzchia amphibia, N. palea, Sellaphora pupula and Ulnaria ulna. Zygnemaphyceae presented the largest number of exclusive species, 20 in 1994 and 52 in 2004 (Table 2) , showing a low percentage of the species common to both years (15.3%).
Cyanophyceae also presented a low percentage of species common to both years (15%). Thirty-five Chlorophyceae species were identified, and 22.8% were common to both years. For Xanthophyceae, among eight species registered in the lake, three were common to rophytes, which support habitat diversity, and the weak current (Rodrigues and Bicudo, 2004) .
Comparing periphytic algae communities of 1994 and 2004, only few species were common (23.6% of the total observed species). Furthermore, 61 species were exclusive to 1994. Thus, this community did not present stability in terms of persistence and constancy as defined by Colinvaux (1993) and Lampert and Sommer (1997) , or resistance (Odum, 1989; Begon et al., 1996) , subsequent to the construction of the Porto Primavera Dam.
Approximately half of the species common to both years belong to the class Bacillariophyceae. Many species of pennate diatoms present specialized structures for fixation to substrate, such as mucilaginous stalks (Gomphonema), gelatinous matrices (Cymbela, Encyonema, Frustulia and Navicula), and rosette shapes attached apically by small mucilaginous pads (Eunotia and Fragilaria) (Hoagland et al., 1982) . Furthermore, tics for the months of 2004 were close to those of the low water period of 1994.
According to Thomaz et al. (2004a) , despite the influence of reservoir cascades upstream, there still existed seasonality in the limnological characteristics related to the fluctuations in water level before the formation of the Porto Primavera Reservoir. After the operation of this reservoir, not only the seasonal water level changed but also Secchi depth and water phosphorus concentrations.
The Garças Lake, in the Upper River Paraná floodplain, showed a high diversity of periphytic algae in 1994. Rodrigues and Bicudo (2004) observed high richness since the initial stages of colonization of artificial substrate, indicating a high diversity of periphytic algae in the littoral regions of the floodplain. Among the tree environments studied (lentic, semilotic, and lotic) in 1994, the greatest richness was observed in Garças Lake, most probably related to the presence of aquatic mac- phytic species predominate in the floodplain, but recently, an increase in submerged species has been observed in lakes connected to the Paraná River and in other environments on the floodplain where water flow is low. The increase in submerged macrophytes coincides with the stabilization of water levels and the increase in the water transparency, both caused by the cascades of dams upstream (Thomaz et al., 2004b) . Despite having carried out samplings of periphytic algae on a specific macrophyte (E. azurea), the increase in macrophyte diversity, along with the presence of species that had not previously been found in the Garças Lake nor in the floodplain as a whole, may have contributed to the establishment of new periphyton species, especially Zygnemaphyceae species. Furthermore, the absence of high water period with large water level differences in 2004 may favored the establishment of Zygnemaphyceae species, which weakly adhere to substrates.
It is important to note that several species recorded in 1994 were not found in 2004. Therefore, present results indicated that richness and specific composition were altered as a result of the changes imposed by the construction of the Porto Primavera Dam.
As algae are the basis of the food chain, it is important to monitor the consequences the periphyton biodiversity change. Alteration in the specific composition of periphytic algae can affect other ecological groups in the system. According to Agostinho et al. (2004) , the regulation of water flow by upstream dams has modified the structure and function of the Upper Paraná River floodplain and negatively impacted the regional biodiversity.
Thus, the continuity of long-term studies to determine the impact of the alterations in richness and species composition of periphytic algae on the structure and functioning of the floodplain as a whole is essential. diatoms are rapid and efficient colonizers. These characteristics give them the competitive advantage in establishing themselves on substrates compared to species from other classes.
There was an increase in richness of periphytic algae in the lake in 2004, with 107 species not present in 1994. This indicates the capacity of a new community to get established despite environmental changes. Periphytic algae communities may be more resilient in heterogeneous rather than in homogeneous environments because species diversity increases the efficient use of available resources (Stevenson, 1997) . The community cannot, however, be described as "resilient" (Odum, 1989; Colinvaux, 1993; Townsend et al., 2006) , nor as "elastic" (Odum, 1988; Lampert and Sommer, 1997) , as it did not return to the previous specific composition. In fact, a marked difference was observed between the years, and based on the Correspondence Analysis of the specific composition, species of Group I and II were exclusive to each year (1994 and 2004, respectively) and strongly correlated with Axis 1 of the CA.
According to Rodrigues and Bicudo (2001b) , periphytic algae composition was strongly influenced by the hydrological cycle, presenting greater species richness during high waters. In 2004, species composition differed the most in December and the least in June and September.
The construction of the Porto Primavera Dam also influenced phosphorus concentrations (Thomaz et al., 2004a) . In this study, lower concentrations of ammoniacal nitrogen, orthophosphate, and total phosphorus were observed in 2004, contrasting to observations for the high water period in 1994. Studies such as those by King et al. (2000) , Winter and Duthie (2000) , and Munn et al. (2002) indicate that phosphorus is an important variable in discussing species distribution.
The greatest species richness of periphytic algae observed in 2004, mainly due to the contribution of Zygnemaphyceae species. Fifty two species recorded in 2004 were not present in 1994. The majority of Zygnemaphyceae taxa inhabit oligotrophic to mesotrophic habitats (Coesel, 1996) . In addition to Zygnemaphyceae, some Bacillariophyceae species, such as Cymbella affinis and Gomphonema clevei, which were observed only in 2004, are also good indicators of low orthophosphate and total phosphorus concentrations (Winter and Duthie, 2000; Munn et al., 2002) . Furthermore, Coesel and Wardenaar (1990) , in experiments with Zygnemaphyceae, demonstrated greater growth under high temperatures, with optimal growth temperature in the range of 25-30 °C. According to PCA, water temperature during the samplings of 2004 was only low in June. So, high temperatures liked favored Zygnemaphyceae richness during this year.
Zygnemaphyceae species do not present specialized structures for fixation to substrates, but they are favored by environments with high quantities of macrophytes. According to Thomaz et al. (2004b) , emergent macro- 
